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FO REWORD 
This  r e p o r t  w a s  p repared  by The Boeing Company, 
Aerospace O p e r a t i o n s ,  under NASA Cont rac t  
NAS3-11204. The work w a s  a d m i n i s t e r e d  by t h e  
L e w i s  Research Center ,  Liquid Rocket Technology 
Branch, Chemical Rocket D i v i s i o n ,  Cleveland,  
Ohio w i t h  M r .  Raymond F. Lark as Program 
Manager. 
Cont rac t  NAS3-11204, "Cryogenic P o s i t i v e  
Expuls ion Diaphragm" w a s  a 33-month program 
(October 1967  t o  June  1970)  c o n s i s t i n g  of  f i v e  
s e p a r a t e  b u t  r e l a t e d  t a s k s .  This  f i n a l  r e p o r t  
covers  t h e  work performed on t h a t  program. 
Performance o f  t h i s  c o n t r a c t  w a s  under t h e  
d i r e c t i o n  of t h e  Manufacturing Technology 
S e c t i o n ,  Aerospace Operat ions of The Boeing 
Company. M r .  C. L. Lofgren w a s  Program Manager 
and M r .  D. E.  Gieseking Technica l  Leader.  
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CRYOGENIC POSITIVE EXPULSION DIAPHRAGMS 
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ABSTRACT 
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1.0 SUMMARY 
The o b j e c t  of t h i s  program w a s  t h e  d e s i g n ,  f a b r i c a t i o n  and t e s t i n g  of  
po lymer ic  diaphragms capable  of  e x p e l l i n g  l i q u i d  hydrogen under  z e r o  
g r a v i t y  c o n d i t i o n s .  The g o a l  of t h e  program w a s  t h e  development of  a 
diaphragm capable  o f  25 f a i l u r e - f r e e  c y c l e s  of l i q u i d  hydrogen e x p u l s i o n .  
The work w a s  performed i n  two d i s t i n c t  p r o g r e s s i v e  p h a s e s ;  p r o t o t y p e  
and improved. Each phase involved  s p e c i f i c  t a s k s  of d e s i g n ,  f a b r i c a t i o n ,  
and t es t  of  e x p e r i m e n t a l  diaphragms. Task I provided f o r  t h e  d e s i g n  
c o n f i g u r a t i o n  of t h e  diaphragm and t h e  e v a l u a t i o n  and s e l e c t i o n  o f  prom- 
i s i n g  materials. The second s u b t a s k  w a s  t h e  development of manufac tur ing  
and q u a l i t y  a s s u r a n c e  p l a n s .  
m o d i f i c a t i o n  of  t h e  tes t  a p p a r a t u s  and i n s t r u m e n t a t i o n  t o  f u l f i l l  t h e  
requi rements  of  t h e  program. Task I1 c o n s i s t e d  of t h e  f a b r i c a t i o n  of  
two p r o t o t y p e  u n i t s  of each of  e i g h t  approved d e s i g n s .  Task I11 involved  
c y c l e  t e s t i n g  t h e  p r o t o t y p e  diaphragms i n  l i q u i d  hydrogen. 
The t h i r d  s u b t a s k  w a s  t h e  r e d e s i g n  and 
None o f  t h e  1 6  diaphragms o r  a d d i t i o n a l  a l t e r n a t e s  performed as expec ted .  
A l l  u n i t s  f a i l e d  d u r i n g  t h e  i n i t i a l  l i q u i d  hydrogen e x p u l s i o n  c y c l e  due 
t o  developed l e a k s  i n  t h e  b a s i c  m a t e r i a l  o r  i n  t h e  seam j o i n t s  o f  gored 
diaphragms. 
Task I V  f u n c t i o n  w a s  t h e  a n a l y s i s  o f  t es t  r e s u l t s  of Task I11 and t h e  
s e l e c t i o n  of material  f o r  f o u r  a d d i t i o n a l  diaphragms, and t h e  f a b r i c a t i o n  
of  t h e  f o u r  u n i t s .  I n  a d d i t i o n ,  t h e  test c o n t a i n e r  and t o o l i n g  w a s  re- 
designed and modif ied t o  i n c o r p o r a t e  a d i f f e r e n t  c o n f i g u r a t i o n  which 
would g i v e  less severe f l e x u r e  d u r i n g  Liquid hydrogen t e s t i n g .  
w a s  t h e  test phase f o r  t h e  f o u r  diaphragms designed and f a b r i c a t e d  i n  
Task I V .  
Task V 
None o f  t h e  diaphragms t e s t e d  i n  Task V s u r v i v e d  c y c l e  t e s t i n g  i n  l i q u i d  
hydrogen. The f i n a l  diaphragm w a s  used as a c o n t r o l  u n i t .  A b l a d d e r  
w i t h  i d e n t i c a l  c o n s t r u c t i o n  w a s  s u c c e s s f u l l y  t e s t e d  i n  l i q u i d  n i t r o g e n  
and l i q u i d  hydrogen on o t h e r  programs. This  diaphragm w a s  one of  t h o s e  
which f a i l e d  i n  Task V i n  i d e n t i c a l  manner as o t h e r  u n i t s .  
Although t h e  program g o a l  of  25 f a i l u r e - f r e e  c y c l e s  i n  l i q u i d  hydrogen 
w a s  n o t  approached w i t h  any of  t h e  diaphragms t e s t e d ,  some of  t h e  r e s u l t s  
gave an i n s i g h t  i n t o  p r e v i o u s  m u l t i p l y  diaphragms and b l a d d e r  f a i l u r e s .  
A p o s i t i v e  r e s u l t  of t h e  program w a s  t h e  tes t  c r y o s t a t  which allowed 
d i r e c t ,  u n d i s t o r t e d  view and photographic  r e c o r d i n g  of t h e  diaphragm 
d u r i n g  t h e  tes t  o p e r a t i o n .  This  u n i t ,  w i t h  minor m o d i f i c a t i o n ,  could 
e a s i l y  b e  adapted f o r  advanced s t u d i e s .  
1 
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2.0 INTRODUCTION 
The development of a s u i t a b l e  l i g h t - w e i g h t ,  m u l t i - c y c l i n g  diaphragm o r  
b l a d d e r  had been t h e  o b j e c t  of a number of  prev ious  NASA and A i r  Force  
programs. Cryogenic e x p u l s i o n  under z e r o  g r a v i t y  c o n d i t i o n s  f i r s t  re- 
ce ived  c o n c e n t r a t e d  a t t e n t i o n  a t  Boeing d u r i n g  t h e  d e s i g n  phases  of t h e  
X-20 program t o  r e p l a c e  h igh-pressure  s u p e r - c r i t i c a l  systems.  I n i t i a l  
s t u d i e s  w e r e  devoted t o  one-shot and m u l t i - c y c l i n g  metall ic diaphragms, 
b l a d d e r s ,  and meta l l ic  b e l l o w s .  The meta l l ic  u n i t s  could n o t  w i t h s t a n d  
r e p e a t e d  f o l d i n g  w i t h o u t  p in-hol ing  and t e a r i n g .  Follow-on programs 
which des igned  and p l a c e d  r e i n f o r c i n g  r i n g s  on t h e  diaphragms al lowed 
c o n t r o l  of  t h e  c o l l a p s i n g  p a t t e r n  and improved t h e i r  performance. Even 
though metal l ic  u n i t s  are now capable  of  m u l t i p l e  c y c l e s ,  t h e y  impose 
weight  and v o l u m e t r i c  e f f i c i e n c y  p e n a l t i e s  and geometr ic  l i m i t a t i o n s .  
Polymeric  diaphragms and b l a d d e r s  ( r e f e r e n c e s  1 and 2 )  have been i n -  
v e s t i g a t e d  f o r  l i q u i d  n i t r o g e n  and l i q u i d  hydrogen service. These 
programs have shown t h a t  Mylar f i l m  and Kapton f i l m  are t h e  b e s t  mate- 
r i a l s  f o r  polymeric  e x p u l s i o n  devices  f o r  cryogens.  T e s t  d a t a  h a s  been 
accumulated from t h e  p r e v i o u s  programs f o r  material s e l e c t i o n  and most 
of  t h e  p r o c e s s i n g  l i m i t a t i o n s  have been d e f i n e d  and f a b r i c a t i o n  methods 
developed. The p o r o s i t y  of  t h e  polymeric  f i l m s  t o  t h e  cryogens h a s  
posed a problem d u r i n g  i n i t i a l  f i l l i n g  and c y c l i n g .  Although t h e  d i f -  
f u s i o n  rates of t h e  l i q u i d  hydrogen through m u l t i p l e  p l i e s  of a poly- 
meric b l a d d e r  are s m a l l ,  minute  q u a n t i t i e s  o f  l i q u i d  hydrogen became 
ent rapped  between p l i e s .  Thermal g r a d i e n t s  can cause  p l y s  t o  b a l l o o n ,  
r e s u l t i n g  i n  f i l l i n g  and e x p u l s i o n  problems ( r e f e r e n c e s  1 and 3 ) .  
This  program employed s i n g l e  p l y  diaphragms t o  demonst ra te  t h e  c a p a b i l i t y  
of a s i n g l e  p l y  polymeric  f i l m  t o  perfo-rm r e p e t i t i v e  f i l l i n g  and ex- 
p u l s i o n  c y c l i n g .  R e i n f o r c i n g  f e l t  p l i e s  and r e i n f o r c i n g  hoops w e r e  
used t o  i n c r e a s e  r e l i a b i l i t y  of t h e  s i n g l e  p l y  concept .  
2 
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3.0 TEST PROGRAM 
The test program was d i v i d e d  i n t o  t a s k s  and s u b t a s k s  t o  perform a s p e c i f i c  
f u n c t i o n  r e l a t e d  t o  t h e  t o t a l  e f f o r t .  Each area of work w i l l  b e  d e t e r -  
mined i n  t h e  fo l lowing  paragraphs .  
3 . 1  PROGRAM DEVELOPMENT 
The i n i t i a l  phase i n  Task I w a s  t h e  des ign  of  t h e  diaphragms and t h e  selec- 
t i o n  of materials. The des igns  were d i v i d e d  i n t o  f o u r  c a t e g o r i e s :  
a. 
b .  
C. 
d. 
The diaphragms w e r e  f a b r i c a t e d  o f  a s i n g l e  p l y  of polymeric  f i l m ,  
thermal  vacuum formed t o  c o n t o u r ,  r e i n f o r c e d  w i t h  f e l t .  
The diaphragms were f a b r i c a t e d  of  a s i n g l e  p l y  of polymeric  f i l m ,  
assembled from f l a t  gores  and j o i n e d  t o  t h e  r e q u i r e d  c o n t o u r ,  r e i n -  
f o r c e d  w i t h  f e l t s .  
Category A o r  B diaphragms w i t h  r e i n f o r c i n g  hoops t o  c o n t r o l  f l e x i n g  
of t h e  diaphragms e 
Diaphragms of meta l l ic -polymer ic  l a m i n a t e s ,  assembled from f l a t  
g o r e s  and j o i n e d  t o  t h e  r e q u i r e d  c o n t o u r ,  r e i n f o r c e d  w i t h  fe l t s .  
The materials s e l e c t e d  f o r  diaphragm f a b r i c a t i o n  are shown i n  Table  1 
by The Boeing Company and NASA c o n t r a c t s  ( r e f e r e n c e s  1, 2 ,  and 3) i n  
which promising materials were i d e n t i f i e d .  
Material S e l e c t i o n . ”  Basis f o r  s e l e c t i o n  w a s  t h e  prev ious  i n v e s t i g a t i o n s  11 
3.2 DIAPHRAGM CONFIGURATION 
The diaphragms f o r  Task I1 c o n s i s t e d  of a s i n g l e  polymeric  f i l m  vapor  
b a r r i e r  lamina ted  between two dacron f e l t  a b r a s i o n  p l i e s .  Mylar and 
Kapton f i l m s  of v a r i o u s  t h i c k n e s s e s  and polymer ic  fi lm-metal l a m i n a t e s  
shown i n  Table  2 were t h e  b a r r i e r  p l y  materials.  
i s  i l l u s t r a t e d  i n  F i g u r e  1. 
A t y p i c a l  diaphragm 
Each diaphragm w a s  nominal ly  15 i n c h e s  i n  d iameter  w i t h  a 5.875 i n c h  
r a d i u s .  A two i n c h  t r u n c a t e d  c o n i c a l  s e c t i o n  j o i n e d  t h e  clamping f l a n g e  
r a d i u s  t o  t h a t  of t h e  h e m i s p h e r i c a l  dome, 
Each major  component o f  t h e  diaphragm i s  d e f i n e d  as fo l lows:  
Barrier Ply---The l a y e r  of polymeric  f i l m  used t o  s e p a r a t e  t h e  l i q u i d  
hydrogen from t h e  he l ium p r e s s u r i z i n g  g a s ,  This  i s  t h e  s t r u c t u r a l  
f i l m  of  t h e  diaphragm. The Barrier P l y  w a s  c o n s t r u c t e d  of  g o r e s  of  
polymeric  material i n d i v i d u a l l y  a d h e s i v e l y  bonded t o g e t h e r  o r  by 
thermal-vacuum forming of  t h e  polymer ic  f i l m .  
3 
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Table 2: DIAPHRAGM CONFIGURATIONS 
Diaphragm 
1 A  















8 A  
8AX 
8 B  
Material Formed 
Thickness o r  Convolute 
Material (Mil)  Gores Rings 
Mylar C 1 .0  Gores None 
Mylar A 1 .5  Gores None 
Mylar A 2 . 0  
Formed None 
Formed None 
Kap t on 1 . 0  
Kap t on 2.0 
Gores None 
Gores None 
Mylar A 1 . 0  
Mylar A 1 . 0  
Mylar A 2.0 





Kap ton  2.0 
Kapton 3 .0  
Formed None 
Formed None 
Mylar-Aluminum- 0.5-0.5-0.5 Gores Bonded t o  f e l t s  
Mylar Laminate 
Mylar-Lead- 0.5-1.0-0.5 Gores Bonded t o  f e l t s  
Mylar Laminate 
Mylar C 1,o 
Mylar C 2 .o 
Gores 
Gores 
Mylar A 3.0 Formed Bonded t o  Film 
Mylar A 3.0 Formed None 
Mylar A 4 .0  Formed Bonded t o  f e l t s  
b u t  removed 
5 
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Abrasion Ply 
Edge Seal 
: TYPICAL EXPULSION DIAPHR 
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Abrasion Ply---The a b r a s i o n  p l i e s  are a l a y e r  of dacron f e l t  bonded t o  
t h e  i n t e r i o r  and e x t e r i o r  of t h e  diaphragm t o  p r o t e c t  t h e  b a r r i e r  p l y  
and reduce  t h e  t h r e e  c o r n e r  f o l d i n g  of t h e  polymeric  b a r r i e r  p l y .  
Flange Seal---The f l a n g e  sea l  i s  f a b r i c a t e d  of washers o f  Mylar o r  Kapton 
bonded t o  t h e  p e r i p h e r y  of  t h e  a b r a s i o n  p l y  ex tending  over  t h e  a b r a s i o n  
p l i e s  t o  p r e v e n t  g a s  l e a k a g e  from t h e  p r e s s u r i z a t i o n  s i d e  t o  t h e  cryogen 
s i d e  
3 . 3  FABRICATION PLANS 
The second phase of Task I w a s  t h e  development of  f a b r i c a t i o n  p l a n s  and 
q u a l i t y  a s s u r a n c e  p l a n s  f o r  t h e  program. The f a b r i c a t i o n  t e c h n i q u e s  are 
b a s i c a l l y  i d e n t i c a l  i n  a l l  diaphragms as f o l l o w s  : 
MateriaZs---The materials used f o r  diaphragm f a b r i c a t i o n  are shown i n  
Table  2.  A l l  materials w e r e  s t a n d a r d  commercial g rades  and i n s p e c t e d  
f o r . q u a l i t y  by The Boeing Company p r i o r  t o  use .  
Abrasion PZies---The a b r a s i o n  p l i e s  of  t h e  diaphragms w e r e  f a b r i c a t e d  by 
thermal-vacuum forming t h e  dacron f e l t e d  material i n  a f i b e r g l a s s  t o o l  
shown i n  F i g u r e  2. The p a r e n t  material w a s  clamped i n  t h e  forming f i x -  
t u r e  and a vacuum w a s  s lowly  drawn (approximately 3-5 p s i  p e r  minute  
w h i l e  h e a t  w a s  a p p l i e d  w i t h  a h o t  a i r  gun (300-350'F f a b r i c  tempera ture)  
shown i n  F i g u r e  3. When t h e  material  c o n t a c t e d  t h e  mold s u r f a c e ,  t h e  
h e a t  w a s  removed and t h e  formed f a b r i c  w a s  a l lowed t o  cool  i n  t h e  t o o l .  
The formed h e m i s p h e r i c a l  shape  w a s  removed from t h e  t o o l ,  trimmed, and 
p r o t e c t i v e  packaged u n t i l  assembly w i t h  t h e  b a r r i e r  f i l m .  
Barrier PZies---The b a r r i e r  p l i e s  l i s t e d  i n  Table  2 were f a b r i c a t e d  by 
t w o  means, thermal-vacuum forming of  t h e  modi f ied  h e m i s p h e r i c a l  shape 
o r  by a d h e s i v e  j o i n i n g  f l a t  p a t t e r n  g o r e s .  
The f l a t  p a t t e r n  g o r e s  were c u t  from t h e  v i s u a l l y  i n s p e c t e d  p a r e n t  
material i n t o  t h e  segments shown i n  F i g u r e  4 .  These f l a t  p a t t e r n  seg- 
ments w e r e  j o i n e d  on t h e  p l a s t e r  mandrels  shown i n  F i g u r e s  5 and 6.  
The h e m i s p h e r i c a l  mandrel had s i x  f l a t  s e c t i o n s  as shown, one f o r  each 
gore .  The f l a t  s e c t i o n  enabled t h e  assembler  t o  apply t h e  t a p e  adhes ive  
w i t h o u t  w r i n k l i n g  e i t h e r  t h e  b a r r i e r  f i l m  o r  t h e  adhes ive  which mini- 
mized a d h e s i v e  r i d g e s ,  stress c o n c e n t r a t i o n s ,  and p o s s i b l e  leak p a t h s .  
The g o r e s  w e r e  s e a l e d  u s i n g  GT-100 o r  GT-300 adhes ive  on b o t h  s i d e s  o f  
t h e  b u t t  j o i n t .  The l a m i n a t e  diaphragms had a s p i d e r  c u t  from t h e  
p a r e n t  material and GT-100 w a s  used on t h e s e  p a r t i c u l a r  diaphragms. 
The s e a l i n g  i r o n  w a s  set a t  310 5 10'F. 
i n  F i g u r e  7 w i t h  a completed u n i t .  
Vapor b a r r i e r  p l i e s  are shown 
The formed h e m i s p h e r i c a l  b a r r i e r  p l i e s  were formed i n  t h e  f a c i l i t y  
shown i n  F i g u r e s  8, 9 ,  and 10. The f a c i l i t y  is  a thermal-vacuum u n i t  
composed of a gold  p l a t e d  c a b i n e t ,  h e a t  s o u r c e  and c o n t r o l  u n i t ,  and 
t h e  vacuum forming mandrel assembly. The p r o c e s s  developed t o  form 
7 
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F i g u r e  2: FELT FORMING TOOL 
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F igure  4: VAPOR BARRIER COMPONENTS 
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t h e  modi f ied  h e m i s p h e r i c a l  vapor  b a r r i e r s  w a s  t o  clamp t h e  p a r e n t  b a r r i e r  
material i n  t h e  forming t o o l .  S l i g h t  p o s i t i v e  p r e s s u r e  w a s  a p p l i e d  t o  
t h e  polymeric  f i l m  as t h e  f i l m  w a s  h e a t e d  t o  n e a r  i t s  s o f t e n i n g  p o i n t  by 
t h e  r a d i a n t  h e a t i n g  u n i t .  
formed and t h e  f i l m  w a s  a l lowed t o  c o o l .  A vacuum w a s  drawn on t h e  
polymeric  f i l m  bubble  which p u l l e d  i t  down on t h e  male aluminum mandrel 
t o  t h e  exact contour  of t h e  diaphragms. Wrinkles  were worked o u t  by 
hand and h e a t  w a s  r e - a p p l i e d  t o  complete t h e  contour  forming. The h e a t  
w a s  t h e n  removed and t h e  f i l m  allowed t o  cool  on t h e  mandrel  b e f o r e  re- 
moval. The forming p r o c e s s  d e s c r i b e d  d e c r e a s e s  t h e  t h i c k n e s s  g r a d i e n t  
which r e s u l t s  from vacuum forming a lone .  
The h e a t  w a s  removed a f t e r  t h e  "buble" w a s  
Barrier Ply  and Final Leak Checks---Each b a r r i e r  p l y  was l e a k  checked 
w i t h  a he l ium mass s p e c t r o m e t e r  l e a k  d e t e c t o r .  To perform t h i s  check ,  
t h e  vapor  b a r r i e r  w a s  s e a l e d  and clamped t o  a b a s e  p l a t e .  H e l i u m  gas  
was i n j e c t e d  i n t o  t h e  c a v i t y  t o  112 p s i  d i f f e r e n t i a l  p r e s s u r e  and t h e  
e n t i r e  diaphragm surface checked w i t h  a hel ium l e a k  d e t e c t o r .  
A s t a n d a r d  hel ium m a s s  s p e c t r o m e t e r  l e a k  d e t e c t o r  C . E . C .  model 24-12OA 
w a s  used t o  perform t h e  check. A z e r o  d i v i s i o n  r ise on t h e  X-1 scale 
w a s  used f o r  acce t a n c e  a f t e r  t h e  l e a k  d e t e c t o r  had been c a l i b r a t e d  t o  
less t h a n  2 x s t d .  c c / s e c / d i v i s i o n .  Although t h e  s n i f f e r  a l l o w s  
d i l u t i o n  of  t h e  s e n s i n g  gas t o  approximately 1 x 10-8 s t d .  cc/sec. ,  
t h e  s e n s i t i v i t y  w a s  adequate  f o r  t h i n  f i l m  l e a k  d e t e c t i o n ,  
The b a r r i e r  p l y  w a s  accepted  i f  no l e a k s  were d e t e c t e d  i n  t h e  u n i t .  I f  
a l e a k  w a s  d e t e c t e d  i n  a seamed (gored)  diaphragm, an  a t t e m p t  w a s  made 
t o  reseal t h e  GT-100 o r  GT-300. No p a t c h e s  w e r e  a p p l i e d .  I f  a l e a k  
e x i s t e d  i n  t h e  p a r e n t  material of t h e  seamed vapor  b a r r i e r  o r  i n  a 
formed vapor  b a r r i e r ,  t h e  u n i t  was scrapped and r e p l a c e d ,  
The f i n a l  l e a k  check w a s  conducted on t h e  diaphragm a f t e r  t h e  a b r a s i o n  
p l i e s  and edge seals were a p p l i e d .  An i d e n t i c a l  l e a k  check t o  t h a t  
d e s c r i b e d  above w a s  used on t h e  completed u n i t .  Zero leakage  w a s  t h e  
c r i t e r i a  f o r  acceptance .  
Flange Seal---The f l a n g e  seals f o r  t h e  diaphragms were f a b r i c a t e d  o f  
two i d e n t i c a l  d i s c s  of Mylar bonded t o  t h e  vapor  b a r r i e r  f i l m  w i t h  
46971 a d h e s i v e  as shown i n  F i g u r e  11, d i d  n o t  make p r o v i s i o n s  f o r  
s e a l i n g  t h e  Mylar d i s c s  t o  t h e  vapor  b a r r i e r  p l y  t h u s  a l lowing  t h e  
hel ium g a s  and l i q u i d  hydrogen t o  pass  through t h e  lower f e l t ,  around 
t h e  vapor  b a r r i e r  through t h e  t o p  f e l t .  S e a l i n g  t h e  vapor  b a r r i e r  t o  
t h e  Mylar d i s c s  e l i m i n a t e d  t h e  f l a n g e  leakage .  Bonding i s  shown i n  F i g u r e  1 2 .  
Convolute Rings---Convolute r i n g s ,  used t o  c o n t r o l  diaphragm f l e x i n g  
a c t i o n  and t o  p r e v e n t  o r  reduce  t h r e e  c o m e r  f o l d i n g  of  t h e  vapor  
b a r r i e r ,  were f a b r i c a t e d  by c u t t i n g  s p r i n g  s t ee l  w i r e  t o  t h e  r e q u i r e d  
l e n g t h  and p l a c i n g  i t  i n  t h e  h o l d i n g  f i x t u r e  shown i n  F igure  13. The 
ends of t h e  w i r e  l e n g t h s  w e r e  welded t o  form hoops o f  t h e  f o u r  s i z e s .  
The r i n g s  were sprayed w i t h  a release a g e n t ,  wound s p i r a l l y  w i t h  
1 4  
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Figure  9: FILM FORMING FACILITY 
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Fl’gure 18: FILM FORMING CYCLE 
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PRELIMINARY DESIGN 
V a p o r  B a r r i e r  
D E T A I L  A 
Figure 11 : FLANGE SEAL 
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GT-300 and h e a t e d  t o  310°F t o  c u r e  t h e  adhes ive .  The r e s u l t a n t  r i n g  w a s  
capable  of  t u r n i n g  w i t h i n  t h e  cover .  Without t h i s  a b i l i t y ,  t h e  r i n g  
would resist t u r n i n g  w h i l e  a t t a c h e d  t o  t h e  diaphragm which would r e s u l t  
i n  material  r u p t u r e .  
The r i n g s  w e r e  bonded t o  t h e  vapor  b a r r i e r  o r  t h e  dacron f e l t ,  as t h e  
case may b e ,  by p l a c i n g  t h e  r i n g s  on t h e  grooved m a l e  h e m i s p h e r i c a l  bond- 
i n g  t o o l  shown i n  F i g u r e  1 4 .  
The diaphragms were assembled by s e q u e n t i a l l y  p l a c i n g  on t h e  aluminum 
mandrel (shown i n  F i g u r e s  15 and 16)  a dacron f e l t  which r e c e i v e d  a t h i n  
s p r a y  c o a t  of p o l y e s t e r  r e s i n ,  a vapor  b a r r i e r  p l y  which r e c e i v e d  a t h i n  
s p r a y  of  p o l y e s t e r  r e s i n ,  and a dacron f e l t  p l y .  This  composite was 
clamped a t  t h e  edge and cured a t  about 300°F. The edge seal  w a s  a p p l i e d  
by secondary bonding t h e  edge sea l  d i s c  t o  t h e  vapor  b a r r i e r .  A com- 
p l e t e d  diaphragm i s  shown i n  F i g u r e s  1 7  and 18. 
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Figure 18: DIAPHRAGM WITH RINGS - RINGS ARE CONCENTRIC 
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4.0 TEST EQUIPMENT AND TESTING.' 
A schemat ic  drawing of  t h e  tes t  f a c i l i t y  i s  shown i n  F i g u r e  1 9 .  The 
u n i t  w a s  f a b r i c a t e d  f o r  upward expuls ion  of t h e  l i q u i d  hydrogen by 
hel ium gas which had been condi t ioned  i n  t h e  upper  c r y o s t a t .  
The t es t  c o n s o l e ,  v i s u a l  TV moni tor ,  r e c o r d e r s ,  and tes t  u n i t s  are 
shown i n  F i g u r e s  20 t o  23. 
4 . 1  TEST CRYOSTAT 
A requirement  f o r  t h e  test  c o n t a i n e r  w a s  t h a t  p r o v i s i o n  must b e  made f o r  
TV and f i l m  coverage of a l l  tests. The o r i g i n a l  proposed t es t  c o n t a i n e r  
and lower C r y o s t a t  w e r e  t o  have been f a b r i c a t e d  of pyrex  g l a s s  as shown 
i n  F i g u r e s  24 and 25. This  combination would have  allowed immersing 
t h e  c y c l i c  t e s t  u n i t  c o n t a i n i n g  t h e  diaphragm i n  t h e  l i q u i d  hydrogen of 
t h e  vacuum i n s u l a t e d  double-walled g l a s s  lower dewar. The t a s k  of  
f a b r i c a t i n g  t h e  u n i t s  w a s  s u b c o n t r a c t e d  t o  t h e  vendor who conducted t h e  
f a b r i c a t i o n  on a b e s t  e f f o r t  b a s i s  because of t h e  r i s k  involved  i n  fab-  
r i c a t i n g  t h e  double  w a l l e d  lower c r y o s t a t  a 
j o i n e d  a t  t h e  f l a n g e  by a compression r i n g  were f a b r i c a t e d  w i t h o u t  d i f f i -  
c u l t y .  The double-walled c r y o s t a t  w a s  f a b r i c a t e d  s u c c e s s f u l l y  a f t e r  con- 
s i d e r a b l e  de lay .  Upon r e c e i p t  i n  Seat t le  a t  t h e  T u l a l i p  Test S i t e ,  a 
stress c r a c k  i n  t h e  j o i n t  of t h e  i n n e r  t o  o u t e r  c o n t a i n e r  w a s  d i scovered  
d u r i n g  i n s p e c t i o n .  The vessel was r e t u r n e d  t o  t h e  vendor ,  who, a f t e r  
a t t e m p t i n g  r e p a i r  of t h e  c rack  recommended t h e  g l a s s  concept b e  dropped 
and a n o t h e r  approach taken  t o  f a b r i c a t e  t h e  lower c r y o s t a t .  
The diaphragm c o n t a i n e r s  
A series of u n i t s  were f a b r i c a t e d  and t e s t e d  w i t h o u t  s u c c e s s  i n  sequen- 
t i a l  o r d e r  as fo l lows:  
PZe~gZass  - PZexigZass Unit---This u n i t  w a s  f a b r i c a t e d  of c y l i n d e r i c a l  
s e c t i o n s  of p l e x i g l a s s  "Plex II." 
g l a s s  bottom. 
p l e x i g l a s s  p o t t i n g  was used. A f t e r  l e a k  check and LH2 c h i l l  and hel ium 
l e a k  check,  t h e  u n i t  w a s  t e s t e d  a t  t h e  T u l a l i p  T e s t  S i t e  w i t h  LH2 a f t e r  
an i n i t i a l  cooldown w i t h  gas  from t h e  l i q u i d  s o u r c e .  Both bottoms of 
t h e  i n n e r  and o u t e r  c y l i n d e r s  were broken o f f  i n s t a n t a n e o u s l y  when 
l i q u i d  hydrogen c o n t a c t e d  t h e  i n n e r  c o n t a i n e r .  This  u n i t  i s  shown i n  
F i g u r e  26 a f t e r  LH2 c o l d  shock. 
Each c y l i n d e r  had a t h i c k  f l a t  p l e x i -  
A s t a i n l e s s  s t e e l  mating f l a n g e  w i t h  d o v e t a i l  grooves f o r  
A second u n i t ,  shown i n  F i g u r e  27, w a s  f a b r i c a t e d  of an i n n e r  p y r e x  
g l a s s  c o n t a i n e r ,  18-inch d i a m e t e r ,  and t h e  same p l e x i g l a s s  o u t e r  c y l i n d e r  
p o t t e d  i n t o  a s t a i n l e s s  s teel  b a s e  p l a t e  d o v e t a i l e d  t o  receive t h e  u n i t .  
Having l e a k  checked and c o l d  shocked t h e  u n i t  w i t h  LN2, t h e  u n i t  w a s  
p a r t i a l l y  f i l l e d  w i t h  LH a A f t e r  approximately one hour  t h e  i n n e r  p y r e x  
vessel, shown i n  F i g u r e  i 8 $  d i s i n t e g r a t e d  a g a i n  from d i f f e r e n t i a l  thermal  
expansion of  t h e  components 
27 
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Figure 22: TEST EQUIPMENT 
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Figure 23: LEAK TEST APPARATUS 
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e l  
5 A d a p t o r  - Kavar-Glass 
CROSS-SECTION VIEW 
Figure 24: TEST CONTAINER 
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kk- 20 D i a .  (Max) -1 
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1 / 4  Nsrmal 
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' Wall for 18  Dia. 
1 / 2  (Min) Pump 
- Cavity t o  10-8 
Torr 
718 (Normal) 
- (Standard Wall 
for B e l l  Jar) 
CROSS SECTION VIEW 
Figure  25: BELL JAR ASSEMBLY 
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Figure 27: GLASS-PLEXIGLASS DEWAR 
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Ffgure 28: TESTED DEWAR 
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A t h i r d  c o n t a i n e r  u s i n g  an  expansion band a t t a c h i n g  t h e  i n n e r  c o n t a i n e r  
t o  t h e  mat ing  f l a n g e  and a s t a i n l e s s  s t ee l  o u t e r  c o n t a i n e r  w i t h  t h e  view 
p o r t s  w a s  f a b r i c a t e d .  The f i n i s h e d  d e w a r  i s  shown i n  F i g u r e  29. This  
u n i t  l a s t e d  l o n g e r  w i t h  LH2 i n  t h e  i n n e r  vessel b u t  i t  a l s o  d i s i n t e g r a t e d .  
A mutual  d e c i s i o n  w i t h  t h e  NASA program manager w a s  made t o  revise t h e  
approach t o  t h e  t e s t  u n i t  and f a b r i c a t e  a u n i t  of s t a i n l e s s  s t e e l  w i t h  
b o l t - i n  view p o r t s .  This  u n i t  i s  shown i n  F i g u r e  30. The double  p o r t s  
allowed camera coverage through one w h i l e  t h e  TV camera and l i g h t  s o u r c e  
u t i l i z e d  t h e  second p o r t .  The u n i t  w a s  vacuum i n s u l a t e d  and t h e  areas 
above t h e  dome and around t h e  GHe e x p u l s i o n  s i d e  were f i l l e d  w i t h  l i q u i d  
hydrogen. The dome w a s  removable t o  a l l o w  placement of  t h e  diaphragms. 
This  u n i t  mated w i t h  t h e  e x i s t i n g  upper c r y o s t a t  used f o r  p r e c o n d i t i o n i n g  
of G H e l i u m .  The lower c r y o s t a t ,  shown i n  F i g u r e s  31 through 34, w a s  
des igned  f o r  upward e x p u l s i o n  of t h e  l i q u i d  hydrogen u s i n g  p r e c o n d i t i o n e d  
helium gas on t h e  bottom (camera) s i d e  of  t h e  test  diaphragm. 
4.2 UPPER CRYOSTAT 
This  Boeing test u n i t  mated w i t h  t h e  test  c r y o s t a t  t o  provide  c o n d i t i o n i n g  
of f l u i d s  and gas used i n  t h e  diaphragm t e s t i n g .  Located i n  t h e  u n i t  
were the f o l l o i i n g  u n i t s :  
a .  The he l ium p r e s s u r i z a t i o n  h e a t  exchanger which w a s  used t o  pre-  
c o n d i t i o n  t h e  gaseous hel ium t o  -423°F f o r  p o r o s i t y  measurements 
and e x p u l s i o n  c y c l i n g .  
b .  The hydrogen v e n t  c o n d i t i o n e r  l o c a t e d  i n  t h e  u l l a g e  volume of t h e  
u n i t  w a s  used t o  p r e v e n t  l i q u i d  hydrogen from r e a c h i n g  t h e  w a r m  
v e n t  l i n e  d u r i n g  t h e  e x p u l s i o n  tank  f i l l  p e r i o d .  
c. The hydrogen e x p u l s i o n  f low s e c t i o n  measured and c o n t r o l l e d  t h e  
hydrogen e x p e l l e d  by t h e  diaphragm a t  one g a l l o n  p e r  minute .  
4 .2 .1  H e a t  Exchangers 
The hydrogen and he l ium h e a t  exchangers w e r e  used t o  i n c r e a s e  t h e  temper- 
a t u r e  of t h e  v e n t  g a s e s  t o  ambient.  
4.2.2 Gas Measurement Equipment 
A water s a t u r a t o r  and a w e t  tes t  meter w e r e  used t o  measure t h e  q u a n t i t y  
of gas e v o l v i n g  from t h e  hel ium s i d e  of t h e  diaphragm dur ing  t h e  d i f -  
f u s i o n  tes t .  
4.2.3 B u r e t t e  Apparatus 
This  u n i t  w a s  used ' t o  measure t h e  p o r o s i t y  of leakage  of t h e  diaphragm 
i n  t h e  e x p u l s i o n  mode, 
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Figure 30: STEEL TEST CRYOSTAT 
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Figure 31 : TEST CRYOSTAT VIEW PORTS 
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F igure 32: TEST DOME 
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Figure 33: TEST DIAPHRAGM IN CRYOSTAT 
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Figure 34: CRYOSTAT ASSEMBLY 
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4.2.4 I n s t r u m e n t a t i o n  
P r e s s u r e s  were sensed  by s t a n d a r d  s t r a i n  gage t r a n s d u c e r s  o r  water 
manometers. T e s t  t empera tures  were sensed  by copper-constantan o r  
chromel-constantan thermocouple,  L iquid  levels  and c o n t r o l  tempera tures  
used carbon r e s i s t o r s  as s e n s o r s ,  Outputs w e r e  recorded  on Leeds and 
Northrup Speedomax H S t r ip-Char t  r e c o r d e r s .  S i g n a l  c o n d i t i o n i n g  equip- 
ment w a s  Boeing b u i l t .  A l l  equipment w a s  c e r t i f i e d  by Boeing 's  c a l i -  
b r a t i o n - c e r t i f i c a t i o n  procedures .  
Photographic  coverage w a s  provided f o r  a l l  e x p u l s i o n  c y c l e s .  The f i l m  
speed w a s  v a r i e d  from 8 frames p e r  second t o  as much as 24 frames p e r  
second depending upon t h e  f i l l  and e x p u l s i o n  ra te .  A nominal speed of 
12 frames p e r  second gave t h e  b e s t  coverage. A "fish-eye" wide a n g l e  
l e n s  w a s  used on t h e  camera. 
A c l o s e d  c i r c u i t  t e l e v i s i o n  system w a s  used f o r  v i s u a l l y  moni tor ing  t h e  
t es t s .  
4 . 3  L I Q U I D  HYDROGEN TESTING 
4.3.1 Diaphragm I n s t a l l a t i o n  
The diaphragm w a s  i n s e r t e d  i n  t h e  test u n i t  i n  t h e  up p o s i t i o n  s o  t h a t  
t h e  diaphragm would n o t  b e  cyc led  t o  conduct t h e  ambient tempera ture  and 
t h e  l i q u i d  hydrogen tempera ture  p o r o s i t y  checks.  The h e m i s p h e r i c a l  s t e e l  
head w a s  p o s i t i o n e d  and t h e  b o l t s  torqued t o  90 i n c h  pounds. An i n i t i a l  
l e a k  check w a s  conducted on t h e  f l a n g e  sea l  by p r e s s u r i z i n g  t h e  diaphragm 
u n i t  w i t h  hel ium gas  t o  one p s i ,  t h e  lower tes t  u n i t  w a s  p o s i t i o n e d  i n  
p l a c e  and a room tempera ture  l e a k  check of t h e  diaphragm was measured by 
means of a b u r e t t e  a p p a r a t u s  shown i n  F i g u r e  23. Following t h e  room 
tempera ture  l e a k  t es t ,  t h e  c-ryostat  w a s  f i l l e d  w i t h  LH2 and al lowed t o  
s t a b i l i z e  i n  tempera ture .  A l e a k  check w a s  then  conducted a t  -423°F 
w h i l e  p r e s s u r i z i n g  t h e  diaphragm w i t h  one p s i  o f  -423°F he l ium gas .  
The leakage  through t h e  diaphragm w a s  measured w i t h  t h e  b u r e t t e  a p p a r a t u s  e 
A f t e r  s u c c e s s f u l l y  p a s s i n g  t h e s e  checks i n  o r d e r ,  t h e  diaphragms were 
t e s t e d  by cyc l i ' c  expuls ion .  
cc/min. p r i o r  t o  t e s t  t e r m i n a t i o n ,  
Maximum a c c e p t a b l e  leakage  w a s  10 s t d .  
4.3.2 Expuls ion Cycl ing  
P r i o r  t o  f i l l i n g  t h e  diaphragm w i t h  LH2, t h e  l i n e s  and diaphragm head 
area w e r e  vacuum purged t o  e l i m i n a t e  condens ib les .  Flow purg ing  w i t h  
i n e r t  gas  does n o t  adequate ly  e l i m i n a t e  condens ib les .  
The diaphragms w e r e  f i l l e d  w i t h  l i q u i d  hydrogen a t  a flow rate of approxi-  
mate ly  one gpm. The f i l l  p r e s s u r e  w a s  a d j u s t e d  t o  g e t  t h e  d e s i r e d  f low 
b u t  t h e  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  diaphragms d i d  n o t  exceed two p s i .  
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As t h e  diaphragms f i l l e d  t h e  u n i t  would reverse i t s e l f  and b e  completely 
f i l l e d  i n  t h e  f u l l y  extended,  down p o s i t i o n .  The f i l l  ra tes ,  p r e s s u r e s ,  
l i q u i d  leve l ,  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  diaphragm were cont inuous ly  
monitored. Closed c i r c u i t  t e l e v i s i o n  al lowed v i s u a l  moni tor ing  of t h e  
e x p u l s i o n  c y c l i n g .  Motion p i c t u r e s  were taken  of  each diaphragm tes t .  
The c y c l i c  tests were t e r m i n a t e d  when t h e  diaphragm leakage  ra te  exceeded 
10 s t d .  cc/min. o r  p h y s i c a l  damage w a s  a p p a r e n t  from v i s u a l  moni tor ing .  
4 . 3 . 3  Post-Test  E v a l u a t i o n  Procedures  
Fol lowing t h e  c y c l i c  t e s t i n g  of each diaphragm, they  were removed from 
t h e  t es t  dewar and s u b j e c t e d  t o  a room tempera ture  l e a k  check and a 
v i s u a l  i n s p e c t i o n  of  t h e  d i s e c t e d  diaphragm t o  de te rmine  t h e  l o c a t i o n  and 
mode of f a i l u r e  of t h e  vapor  b a r r i e r  p l y .  
The l e a k  check w a s  conducted by clamping t h e  diaphragm i n  t h e  l e a k  check 
f i x t u r e .  The diaphragm w a s  p r e s s u r i z e d  t o  one p s i  i n t e r n a l  p r e s s u r e  w i t h  
hel ium g a s  and t h e  e x t e r n a l  s u r f a c e  probed w i t h  a s n i f f e r  a t tachment  t o  
t h e  Consol ida ted  Electrodynamics Corpora t ion  24-12OA hel ium mass spec- 
t rometer .  
A f t e r  performing t h e  l e a k  tes t ,  each diaphragm was d i s e c t e d  t o  remove 
t h e  l e a k a g e  areas and t h e s e  disassembled t o  determine t h e  mode of f a i l u r e  
and t o  a s c e r t a i n  i f  t h e r e  w a s  a p a t t e r n  t o  t h e  f a i l u r e s .  
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5.0 TEST RESULTS 
The test r e s u l t  of each diaphragm i s  d i s c u s s e d  below. 
5 , l  DIAPHRAGM 1 A  (Gored 1.0 M i l  Mylar) 
The i n i t i a l  a t t e m p t  t o  t e s t  diaphragm 1 A  w a s  a b o r t e d  when t h e  f l a n g e  
seal  l e a k e d  d u r i n g  t h e  i n i t i a l  room tempera ture  l e a k  check i n  t h e  cryo- 
s ta t .  Two d i f f e r e n t  seal  clamping methods w e r e  used. The seal  f l a n g e  
of  t h e  l e a k  test  u n i t  e x e r t e d  more p r e s s u r e  on t h e  f l a n g e  area than  d i d  
t h e  t es t  f l a n g e  dur-ing LH2 t e s t i n g  which r e s u l t e d  i n  zero  leakage  i n d i -  
c a t i o n  d u r i n g  l e a k  check b u t  unacceptab le  l e a k a g e  d u r i n g  tes t .  A t  t h a t  
t i m e  a r e s e a l i n g  method w a s  developed t o  e l i m i n a t e  t h e  hel ium d i f f u s i o n  
through t h e  dacron f e l t  by s e a l i n g  t h e  Mylar d i s c s  t o  t h e  vapor  b a r r i e r  
which e l i m i n a t e d  t h e  l e a k  p a t h .  After rework, diaphragm 1 A  w a s  r e i n -  
s t a l l e d  f o r  t e s t i n g .  No l e a k s  were recorded  d u r i n g  t h e  room tempera ture  
check and t h e  t es t  proceeded t o  t h e  l i q u i d  hydrogen tempera ture  l e a k  
check. A l e a k  of 9 . 5  cc/min. w a s  recorded  p r i o r  t o  f i l l i n g  t h e  d i a -  
phragm w i t h  l i q u i d  hydrogen. A maximum of 0.75 p s i d  w a s  reached and 
t h e  diaphragm moved downward a s m a l l  amount. A t  t h i s  t i m e ,  l i q u i d  
hydrogen w a s  v i s u a l l y  observed d r i p p i n g  on t h e  i n n e r  c r y o s t a t  window 
and t h e  tes t  w a s  a b o r t e d .  
Diaphragm 1 A  f a i l e d  i n  a seam j o i n t  of t h e  b u t t e d  gores  as shown i n  
F i g u r e  35. 
5.2 DIAPHRAGM 1 B  (Gored 1 .5  M i l  Mylar) 
This  diaphragm w a s  r e p a i r e d  i n  t h e  f l a n g e  s ea l  a f t e r  diaphragm 1 A  re- 
v e a l e d  l e a k a g e  i n  t h e  f l a n g e  seal .  This  modi f ied  f l a n g e  sea l  w a s  i n -  
c o r p o r a t e d  i n  a l l  diaphragms i n  t h e  f a b r i c a t i o n  phase.  There w a s  no  
leakage  i n  t h e  room tempera ture  l e a k  check i n  t h e  c r y o s t a t  and t h e  t es t  
proceeded t o  t h e  l i q u i d  hydrogen l e a k  check. P o r o s i t y  a t  l i q u i d  hydrogen 
tempera ture  was e s t a b l i s h e d  a t  82 cc/min, which w a s  above t h e  requirement  
b u t  f i l l i n g  o f  t h e  diaphragm w a s  a t tempted .  The test w a s  a b o r t e d  as 
t h e  d i f f e r e n t i a l  p r e s s u r e  of one p s i  could n o t  b e  developed. A t  3 .5  
minutes  a f t e r  l i q u i d  hydrogen f i l l i n g  w a s  s t a r t e d ,  l i q u i d  w a s  observed 
l e a k i n g  through t h e  diaphragm. Diaphragm 1 B  f a i l e d  due t o  m u l t i p l e  
l e a k s  i n  t h e  gored seams i n  t h e  f l a n g e  r a d i u s  area as shown i n  F i g u r e  37. 
5 - 3  DIAPHRAGM 2A (Formed 1 . 0  M i l  Mylar) 
Several a t t e m p t s  w e r e  made t o  seal  t h e  f l a n g e  seal i n  t h e  t es t  c r y o s t a t  
b u t  leakage  p e r s i s t e d  d u r i n g  t h e  l i q u i d  hydrogen l e a k  test .  T e s t  w a s  
a b o r t e d .  Attempts t o  reseal t h e  l e a k  i n  t h e  f l a n g e  f a i l e d .  
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5.4 DIAPHRAGM 2B (Formed 2.0 M i l  Mylar) 
This  u n i t  i n d i c a t e d  l eakage  du r ing  t h e  ambient l e a k  check i n  t h e  test  
dewar b u t  t h e  tests proceeded on schedu le .  A f t e r  t h e  one p s i  d i f f e r -  
e n t i a l  w a s  e s t a b l i s h e d  a c r o s s  t h e  diaphragm t h e  l e a k  rate w a s  determined 
t o  be 60 cc/min. An a t t empt  t o  reverse t h e  diaphragm r e s u l t e d  i n  l i q u i d  
hydrogen l e a k i n g  through t h e  diaphragm on to  t h e  c r y o s t a t  window. 
The diaphragm, shown i n  F igu re  36, i n d i c a t e d  a l a r g e  l e a k  area which i s  
a l a r g e  l e a k  i n  a t h r e e  co rne r  f o l d  which had s p l i t  t o  g ive  a V-shaped 
tear.  
5.5 DIAPHRAGM 3A (Gored 1 M i l  Kapton) 
Room tempera ture  l eakage  of t h e  diaphragm i n  t h e  test  u n i t  w a s  d e t e r -  
m i n e d ' t o  be 7 cc/min. and t h e  tests proceeded t o  vacuum purg ing  and 
l i q u i d  hydrogen l e a k  test. A l e a k  ra te  could n o t  be  e s t a b l i s h e d  f o r  
t h e  u n i t  and t h e  test  w a s  t e rmina ted .  
The diaphragm wi th  l eakage  areas l o c a t e d  i n  t h e  f l a n g e  r a d i u s  i s  shown 
i n  F i g u r e  36. 
5.6 DIAPHRAGM 3B (Gored 2 .0  M i l  Kapton) 
This  u n i t  could n o t  b e  s e a l e d  s u f f i c i e n t l y  i n  t h e  f l a n g e  area t o  proceed 
p a s t  t h e  ambient seal l e a k  check. Attempts t o  sea l  t h e  f l a n g e  area 
seal r evea led  t h e  l e a k  e x i s t e d  i n  t h e  f l a n g e  r a d i u s  i n  an i r r e p a i r a b l e  
area. This  u n i t  w a s  f l e x e d  i n  t h e  vacuum purg ing  phase which developed 
l e a k s  i n  t h e  diaphragm as shown i n  F i g u r e  36. The s i z e  of t h e  area 
marked is  n o t  an i n d i c a t i o n  of l e a k s  i n  t h e  t o t a l  area b u t  a l a r g e  l e a k  
which could  n o t  be  p inpo in ted .  
5.7 DIAPHRAGM 4A (Formed 1.0 M i l  Mylar) 
This  u n i t  w a s  o r i g i n a l l y  scheduled  t o  have convolu te  r i n g s  b u t  t h e s e  
were e l i m i n a t e d  a f t e r  t h e  r e s u l t s  of diaphragm 8A were made a v a i l a b l e .  
This  u n i t  passed  t h e  ambient and l i q u i d  hydrogen tempera ture  l e a k  checks 
and t h e  vacuum purge c y c l e s  b u t  when t h e  f i r s t  l i q u i d  hydrogen impinged 
on t h e  diaphragm l e a k s  developed i n  t h e  r a d i u s  and c o n i c a l  s e c t i o n s .  
The test  w a s  t e rmina ted .  
An e f f o r t  w a s  made t o  de te rmine  t h e  mode of f a i l u r e  by f a b r i c a t i n g  a 
similar u n i t  w i thou t  t h e  a b r a s i o n  p l i e s  of dacron f e l t s  so t h a t  t h e  
vapor  b a r r i e r  could be  observed du r ing  c y c l i n g .  This  u n i t  passed  ambient 
and l i q u i d  hydrogen l e a k  checks,  and t h e  vacuum purge cyc le s  b u t  when 
t h e  l i q u i d  hydrogen con tac t ed  t h e  vapor  b a r r i e r  n e a r  t h e  apex,  t h e  
material c o n t r a c t e d  immediately l o c a l l y ,  developed p i n  h o l e s  and l eaked  
l i q u i d  i n t o  t h e  lower c r y o s t a t .  Unfo r tuna te ly  t h e  camera d i d  n o t  s tar t  
and t h e  t es t  w a s  n o t  recorded  on f i l m .  
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5 . 8  DIAPHRAGM 4B (Formed 2 M i l  Mylar) 
This  diaphragm developed a l e a k  i n  t h e  f l a n g e  s ea l  d u r i n g  i n s t a l l a t i o n  
i n  t h e  tes t  dewar and w a s  sc rapped  a f t e r  a t t e m p t s  had been made t o  
r e p a i r  t h e  l e a k .  Diaphragm 4BX w a s  f a b r i c a t e d  i d e n t i c a l  t o  4B. This  
u n i t  s u c c e s s f u l l y  passed t h e  ambient and cryogenic  l e a k  tests w i t h  no 
apparent  p o r o s i t y  and t h e  vacuum purg ing  of t h e  system. During t h e  
i n i t i a l  f i l l ,  t h e  diaphragm moved downward an  i n c r e m e n t a l  amount where 
i t  remained u n t i l  l i q u i d  d r o p l e t s  were observed i n  t h e  f l a n g e  r a d i u s  
area and t h e  test w a s  a b o r t e d .  
Three l e a k s  w e r e  found i n  t h e  f l a n g e  r a d i u s  i n  t h e  p o s t  tes t  a n a l y s i s .  
5 .9  DIAPHRAGM 5 A  (Formed 2 M i l  Kapton) 
Fol lowing i n s  t a l l a t i o n ,  ambient l e a k  checks and vacuum p u r g i n g ,  t h e  
c o n d i t i o n s  w e r e  e s t a b l i s h e d  f o r  a l i q u i d  hydrogen p o r o s i t y  check. The 
p o r o s i t y  ( l e a k  r a t e )  f o r  t h e  diaphragm w a s  determined t o  b e  160 cc/min. 
F i l l i n g  of  t h e  diaphragm w a s  a t tempted  b u t  a l a r g e  amount of l i q u i d  
hydrogen w a s  v i s i b l e  i n  t h e  hel ium gas s i d e  of t h e  dewar and t h e  test  
w a s  t e rmina ted .  
The diaphragm, shown i n  F i g u r e  38,  had a l a r g e  l e a k  i n  t h e  c o n i c a l  
s e c t i o n  of t h e  vapor  b a r r i e r .  
5.10 DIAPHRAGM 5B (Formed 3 M i l  Kapton) 
The diaphragm passed  t h e  f l a n g e ,  ambient and l i q u i d  hydrogen l e a k  tests 
and vacuum purg ings  w i t h  n o  apparent  leakage .  Within 1 3  minutes  a f t e r  
i n i t i a l  diaphragm f i l l i n g  began, t h e  t e s t  w a s  t e rmina ted  because of 
l i q u i d  hydrogen l e a k i n g  through t h e  diaphragm. Only s l i g h t  motion w a s  
apparent  . 
5.11 DIAPHRAGM 6A (Gored MAM Laminate) 
Following t h e  f l a n g e  l e a k  check, an  a t t e m p t  w a s  made t o  c y c l e  t h e  t e s t  
u n i t  from t h e  down ( i n s e r t )  p o s i t i o n  t o  t h e  up p o s i t i o n  f o r  vacuum 
purging of t h e  l i n e  and dewar. A f t e r  t h e  diaphragm a p p a r e n t l y  would 
n o t  reverse a t  one p s i ,  t h e  p r e s s u r e  d i f f e r e n t i a l  w a s  i n c r e a s e d  t o  3.8 
p s i  w i t h o u t  reversal, The diaphragm moved i n c r e m e n t a l l y  b u t  appeared 
t o  "lock-up" a t  a p o s i t i o n  cor responding  t o  t h e  l a r g e  r i n g  p a s s i n g  
through t h e  diaphragm. The diaphragm w a s  removed from t h e  t es t  dewar 
and de laminat ion  of t h e  f e l t - c o n v o l u t e  p l y  from t h e  o t h e r  two p l i e s  
w a s  observed.  The diaphragm w a s  l e a k  checked a t  room tempera ture  and 
t h r e e  l e a k  areas shown i n  F i g u r e  35 were noted .  T e s t i n g  w a s  t e rmina ted  
on t h i s  u n i t .  
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5.12 DIAPHRAGM 6B (Gored MLM Laminate) 
Excessive p o r o s i t y  w a s  e v i d e n t  a f t e r  i n i t i a l  vacuum purge  and i n i t i a l  
l e a k  checks.  A s  shown i n  F i g u r e  35 t h e  l e a k a g e  occurred  i n  t h e  c o n i c a l -  
h e m i s p h e r i c a l  head j o i n t  area. The l e a k  measuring equipment could  n o t  
r e c o r d  t h e  f low through t h e  u n i t .  
5 . 1 3  DIAPHRAGM 7A (Gored 1.0 Mylar) 
This  u n i t  w a s  f a b r i c a t e d  w i t h  new a d h e s i v e  f i l m  because  of t h e  p o s s i b i l i t y  
of  adhes ive  ag ing  e i t h e r  b e f o r e  o r  a f t e r  f a b r i c a t i o n  of b u t t  j o i n t s  which 
had been s t o r e d  b e f o r e  t e s t i n g  . 
Low p r e s s u r e  purg ing  of t h e  l i n e s  and diaphragm area w i t h  hel ium gas 
thereby  e l i m i n a t i n g  t h e  need f o r  vacuum purg ing  w a s  a t tempted  as i t  w a s  
thought t h a t  t h e  vacuum c y c l i n g  may c o n t r i b u t e  t o  leakage  i n  t h e  diaphragm. 
A f t e r  t h e  i n i t i a l  l e a k  tests and p o r o s i t y  checks,  t h e  system w a s  i n e r t  g a s  
purged. Condi t ions  w e r e  t h e n  e s t a b l i s h e d  f o r  c ryogenic  p o r o s i t y  b u t  t h e  
leakage  w a s  t o o  g r e a t  t o  measure.  An a t t e m p t  w a s  made t o  c y c l e  t h e  d ia -  
phragm by f i l l i n g  w i t h  l i q u i d  hydrogen. Dimples appeared i n  t h e  t r u n c a t e d  
cone s e c t i o n  of t h e  diaphragm b u t  t h e  u n i t  would n o t  c y c l e  because  of t h e  
l a c k  of d i f f e r e n t i a l  p r e s s u r e .  F i g u r e  39 shows t h e  l e a k a g e  areas i n  t h e  
seams of t h e  diaphragm. 
5.14 DIAPHRAGM 7B (Gored 2.0 M i l  Mylar) 
This  u n i t ,  l i k e  7B, w a s  f a b r i c a t e d  as an  a d h e s i v e  test  u n i t .  Both t h e  
i n i t i a l  f l a n g e  check and ambient l e a k  checks showed z e r o  leakage  b u t  
a f te r  vacuum purg ing  t h e  c ryogenic  p o r o s i t y  check y i e l d e d  13 cc/min. 
F i l l  of t h e  diaphragm w a s  d i s c o n t i n u e d  when l i q u i d  hydrogen appeared on 
t h e  c r y o s t a t  window. The leakage  areas are shown i n  F i g u r e  
5.15 DIAPHRAGM 8A (Formed 3 M i l  Mylar) 
This  diaphragm had convolu te  r i n g s  bonded t o  t h e  f i l m  w i t h  a b r a s i o n  p l i e s  
on b o t h  s i d e s  of t h e  vapor  b a r r i e r .  
The l e a k  tests of  t h e  f l a n g e  and ambient p o r o s i t y  checks r e v e a l e d  no  
leakage  b u t  d u r i n g  a t t e m p t e d  vacuum purge ,  i t  w a s  found t h a t  t h e  u n i t  
would n o t  reverse. The d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  diaphragm w a s  
i n c r e a s e d  from 1 p s i  t o  2 .5  p s i .  It w a s  i m p o s s i b l e  t o  i n c r e a s e  t h e  
d i f f e r e n t i a l  p r e s s u r e  beyond t h a t  p o i n t  w i t h o u t  major  s i t e  rework. Tests 
were d i s c o n t i n u e d  after t h e  u n i t  f a i l e d  t o  move. 
Diaphragm 8AX w a s  f a b r i c a t e d  i d e n t i c a l  t o  8A b u t  w i t h o u t  t h e  convolu te  
r i n g s .  
b u t  a f t e r  vacuum purg ing  t h e  c ryogenic  l e a k a g e  ra te  w a s  140 cc/min, 
The diaphragm w a s  f i l l e d  b u t  t h e  test  w a s  d i s c o n t i n u e d  when l i q u i d  hydro- 
gen appeared on t h e  test dewar window. This  u n i t  i s  shown i n  F i g u r e  38. 
The uni t  showed no p o r o s i t y  d u r i n g  t h e  f l a n g e  and ambient tests 
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5 - 1 6  DIAPHRAGM 8 B  (Formed 4 M i l  Mylar) 
The diaphragm had convolu te  r i n g s  bonded t o  t h e  dacron f e l t  b u t  t h e s e  
were removed a f t e r  u n i t  8A f a i l e d  t o  c y c l e  because  of r i n g s .  The 
u n i t  passed  b o t h  t h e  f l a n g e  seal and t h e  ambient l e a k  checks b u t  a f t e r  
c o n d i t i o n s  w e r e  e s t a b l i s h e d  f o r  t h e  c ryogenic  p o r o s i t y  check t h e  l e a k a g e  
w a s  i n  excess of  t h e  systems c a p a b i l i t y  t o  measure and t h e  t es t  w a s  
abor ted .  
A s  shown i n  F i g u r e  3 7 ,  l eakage  o c c u r r e d  i n  t h e  c o n i c a l  s e c t i o n  n e a r  a 
r i n g  a t tachment  p o i n t .  
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6.0 IMPROVED EXPULSION DIAPHRAGMS 
The t a s k  w a s  d i v i d e d  i n t o  two major p a r t s .  The f i r s t  s u b t a s k  w a s  t h e  
a n a l y s i s  of t h e  r e s u l t s  from p r e v i o u s  diaphragm tests and t h e  recommen- 
d a t i o n  of two improved diaphragm d e s i g n s .  A n a l y s i s  of t h e  tes t  r e s u l t s  
w a s  d i f f i c u l t  due t o  t h e  n e g a t i v e  r e s u l t s  o b t a i n e d  b u t  i t  w a s  f e l t  t h a t  
t h e  d e s i g n  of t h e  diaphragm c o n t r i b u t e d  t o  t h e  f a i l u r e s  i n  t h e  f l a n g e  
r a d i u s  and t h e  c o n i c a l  t o  h e m i s p h e r i c a l  head j o i n t  areas. F i g u r e  40 
shows g r a p h i c a l l y  t h a t  a s t r u c t u r a l  element i n  t h e  form of  a t r u n c a t e d  
cone e x i s t e d  w i t h i n  t h e  diaphragm u n i t .  This  t r u n c a t e d  cone ( f r u s t r u m  
of a cone) i s  ex t remely  r i g i d .  A s  p r e s s u r e  w a s  a p p l i e d  t o  t h e  hemis 
p h e r i c a l  s e c t i o n  above t h e  c o n i c a l  s e c t i o n ,  one w a s  a t t e m p t i n g  t o  i n v e r t  
c o n c e n t r i c  c i rcumferences .  An a d d i t i o n a l  f a c t o r  w a s  t h a t  t h e  polymer ic  
f i l m  vapor  b a r r i e r  became i n c r e a s i n g l y  r i g i d  as t h e  tempera ture  w a s  
lowered t o  t h a t  of l i q u i d  hydrogen. Observat ion of t h e  tests by c losed  
c i r c u i t  t e l e v i s i o n  shows t h e  diaphragms t o  move downward i n  t h e  f l a n g e  
a r e a  i n i t i a l l y  a t  which t i m e  t h e  motion would cease and l i q u i d  hydrogen 
d r o p l e t s  appeared on t h e  gaseous he l ium s i d e  of t h e  diaphragm. The 
cone, i t  appeared,  prevented  t h e  diaphragm from c y c l i n g  through as i t  
came i n t o  c o n t a c t  w i t h  diaphragm tes t  dewar f l a n g e  r a d i u s .  
The sequence of t h e  diaphragm u n i t  p r o g r e s s  d u r i n g  water e x p u l s i o n  i s  
shown i n  F i g u r e s  4 1  through 4 4 .  The sequence shows t h a t  t h e  diaphragm 
" r i m  r o l l s "  and h a s  a d e f i n i t e  "list" dur ing  c y c l i n g .  It w a s  p re-  
d i c t e d  t h a t  t h e  diaphragm would s t a r t  i t s  reversal  a t  t h e  apex w i t h  t h e  
f l a n g e  r a d i u s  b e i n g  t h e  las t  area t o  reverse. R i m  r o l l i n g  i m p a r t s  more 
severe c r e a s i n g  and f o l d i n g  c o n d i t i o n s  on t h e  f i l m  b a r r i e r s .  The "l ist" 
of t h e  diaphragm d u r i n g  e x p u l s i o n  had been observed p r e v i o u s l y  i n  l i q u i d  
oxygen diaphragms. 
c y c l e ,  t h i s  l i s t  would b e  i d e n t i c a l  i n  a l l  c y c l e s  conducted on t h a t  
p a r t i c u l a r  diaphragm, 
I f  a l i s t  e x i s t e d  on t h e  LOX diaphragm's  i n i t i a l  
An e f f o r t  w a s  made i n  Task I V  t o  e l i m i n a t e  o r  minimize t h e  s t r u c t u r a l  
b r i d g i n g  by r e d e s i g n i n g  t h e  diaphragm i n  t h e  c o n i c a l  areas shown i n  
F i g u r e  45 t o  y i e l d  a r a d i u s  blended diaphragm. I t  w a s  thought  t h a t  a 
g r e a t  p o r t i o n  of t h e  diaphragms f a i l e d  because of t h e s e  e l e m e n t a l  j o i n t s .  
Diaphragm f a b r i c a t i o n  t o o l s  w e r e  redes igned  and f a b r i c a t e d  t o  t h e  new 
diaphragm des ign .  The s e l e c t i o n  of materials f o r  t h e  new diaphragm 
des ign  w a s  made a f t e r  a n a l y s i s  of t h e  tes t  r e s u l t s  of t h e  diaphragms 
i n  Tasks I1 and 111. Because t h e  test  r e s u l t s  w e r e  n e g a t i v e  t h e  
s e l e c t i o n  w a s  made of t h e  materials which would have  t h e  g r e a t e s t  
chance of s u r v i v a l  i n  t h e  l i q u i d  hydrogen, The u n i t s  s e l e c t e d  were: 
1. Gored one m i l  Mylar 
2 .  Formed one m i . 1  Mylar 
3 .  Formed one m i l  Kapton 
4 .  Three gored l a y e r s  of 1 / 2  m i l  Mylar. 
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Figure 40: E X P U L S I O N  DIAPHRAGM D E S I G N  
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Figure 45: MODIFIED EXPULSION DIAPHRAGM 
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The f i n a l  diaphragm w a s  s e l e c t e d  as a r e f e r e n c e  u n i t  as an i d e n t i c a l  d i a -  
phragm (except  f o r  geometry) was s u c c e s s f u l l y  t e s t e d  i n  l i q u i d  oxygen. 
The diaphragms were f a b r i c a t e d  u s i n g  t h e  procedures  e q t a b l i s h e d  i n  Phase I1 
of  t h e  program and r e p o r t e d  i n  s e c t i o n  3 .  
6 . 1  L I Q U I D  HYDROGEN TESTING 
The f o u r  diaphragms i n  t h i s  phase were t e s t e d  i n  t h e  equipment and u s i n g  
t h e  t e s t  procedures  r e p o r t e d  i n  s e c t i o n  4 . 3 .  
6.2 TEST RESULTS 
A d i s c u s s i o n  of t h e  performance of each digphragm i s  p r e s e n t e d  below. 
6 . 2 . 1  Diaphragm V-1 (One M i l  Gored Mylar) 
The diaphragm f a i l e d  i n  t h e  i n i t i a l  f i l l  c y c l e  a f t e r  ambtent f l a n g e  tes t  
and t h e  i n i t i a l  f i l l  c y c l e  p o r o s i t y  checks.  The tests were d i s c o n t i n u e d  
when t h e  ambient l e a k  check exceeded t h e  c a p a c i t y  of t h e  test  appara tug  
and when t h e  l i q u i d  hydrogen appeared i n  t h e  window of t h e  c r y o s t a t .  
6.2.2 Diaphragm V-2 (One M i l  Formed Kapton) 
This  u n i t  f a i l e d  i n  t h e  f i r s t  f i l l  c y c l e  w i t h  l i q u i d  hydrogen a f t e r  
i n i t i a l l y  p a s s i n g  t h e  room tempera ture  and cryogenic  tempera ture  p o r o s i t y  
checks.  Although t h e  i n i t i a l  p o r o s i t y  w a s  10.8 cc/min. and a second at 
3.6 cc/min. ,  t h e  t es t  w a s  cont inued.  L i q u i d  hydrogen w a s  i n t r o d u c e d  
i n t o  t h e  f i l l  s i d e  of  t h e  wit b u t  w a s  d i s c o n t i n u e d  37 minutes  later 
when l i q u i d  reached t h e  windows. 
6.2.3 Diaphragm V-3 (Formed One M i l l  Rapton) 
Fol lowing t h e  ambient and f l a n g e  p o r o s i t y  checks,  t h e  l i q u i d  hydrogen 
tempera ture  p o r o s i t y  tes t  showed a rate o f  14  cc/min. Even though 
t h e  l e a k  ra te  exceeded t h e  10 cc/min. a c c e p t a b l e  l e a k a g e ,  t h e  diaphragm 
f i l l  w a s  begun. A f t e r  20 minutes  of f i l l ,  drops of l i q u i d  hydrogen were 
observed on t h e  gaseous hel ium s i d e  of t h e  diaphragm. 
d iscont inued  when l i q u i d  hydrogen w a s  observed on t h e  c r y o s t a t  window, 
The t es t  w a s  
6 . 2 . 4  Diaphragm V-4 (Three P l y  - 1 / 2  M i l  Mylar Gores) 
This  u n i t  w a s  ambient tempera ture  p o r o s i t y  checked w i t h o u t  any measur- 
a b l e  leakage  b u t  had an i n i t i a l  c ryogenic  tempera ture  p o r o s i t y  of 
2 1 . 7  cc/minute ,  The f i l l i n g  of  l i q u i d  hydrogen w a s  a t tempted .  A f t e r  
seven minutes  of f i l l i n g ,  l i q u i d  hydrogen appeared i n  t h e  c r y o s t a t  
window and t h e  tes t  was te rmina ted .  
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6 3 POST-TEST ANALYSIS 
A f t e r  l i q u i d  hydrogen t e s t i n g ,  a l l  diaphragms w e r e  l e a k  checked u s i n g  
gaseous hel ium, marked and d i s e c t e d .  
The diaphragms, shown i n  F i g u r e s  46 and 4 7 ,  p r e s e n t  a d i f f e r e n t  l e a k  
p a t t e r n  t h a n  b e f o r e  i n  t h a t  l e a k s  appeared i n  t h e  dome area of diaphragm 
V-3.  The l e a k  p a t t e r n  f o r  t h e  diaphragms f a b r i c a t e d  of gores  i s  iden-  
t i c a l  t o  t h e  f a i l u r e s  p r e v i o u s l y  observed.  It w a s  s u r p r i s i n g  t h a t  
diaphragm V-4  d i d  n o t  perform as expec ted  and f a i l e d  as r a p i d l y  as t h e  
s i n g l e  b a r r i e r  p l y  u n i t s .  
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7.0 DISCUSSION OF RESULTS 
GENERAL 
None of t h e  twenty diaphragms p l u s  a l t e r n a t e s  performed s a t i s f a c t o r i l y  
i n  l i q u i d  hydrogen. A c o n t r o l  u n i t ,  of i d e n t i c a l  c o n s t r u c t i o n  w i t h  
prev ious  u n i t s  s u c c e s s f u l l y  t e s t e d  i n  l i q u i d  hydrogen,  f a i l e d  i n  t h e  
i n i t i a l  f i l l  c y c l e ,  
Although t h e  program g o a l  of 25 f a i l u r e  f r e e  c y c l e s  w a s  n o t  approached,  
t h e  tes t  r e s u l t s  gave an i n s i g h t  i n t o  diaphragm d e s i g n s  and i n t o  pre-  
v i o u s  f a i l u r e s  of m u l t i p l y  diaphragms and b l a d d e r s .  
A d i s c u s s i o n  of each area i s  given i n  t h e  fo l lowing  paragraphs .  
7 . 1  DEWAR DESIGN 
The i n i t i a l  phase  of t h e  program r e s u l t e d  i n  a s t a i n l e s s  s teel  tes t  
dewar which w a s  unique i n  t h a t  t h e  t e s t  a r t i c l e  could b e  observed by 
remote TV and recorded  on f i l m  d u r i n g  l i q u i d  hydrogen t e s t i n g  through 
windows i n  t h e  dewar w a l l .  P rev ious  t es t  u n i t s  u t i l i z e d  o b s e r v a t i o n  
through b o i l i n g  l i q u i d  hydrogen i n t o  which t h e  t e s t  a r t i c l e  w a s  im-  
mersed. Such u n i t s  d i s t o r t  t h e  image t o  t h e  eye and t o  t h e  motion 
p i c t u r e  camera. Remote s i t e  o p e r a t i o n  and o b s e r v a t i o n  of t h e  t e s t  
a r t i c l e  i s  much s i m p l i f i e d  which exc ludes  t h e  requirement  f o r  personnel  
n e a r  t h e  t es t  u n i t  dur ing  o p e r a t i o n .  
7.2 DIAPHRAGM DESIGN 
7 .2 .1  Geometric Conf igura t ion  
It i s  f e l t  t h a t  t h e  diaphragm des ign  w a s  t h e  main c o n t r i b u t i n g  f a c t o r  
i n  diaphragm performance. The diaphragm w a s  modi f ied  from a f u l l  
h e m i s p h e r i c a l  u n i t  w i t h  t h e  i n c l u s i o n  of a 30 degree  c o n i c a l  s e c t i o n  
blended i n t o  t h e  f l a n g e .  This  geometr ic  shape became i n c r e a s i n g l y  
r i g i d  a t  c ryogenic  tempera tures  and d i d  n o t  a l l o w  t h e  u n i t  t o  reverse 
i t s e l f .  
w i t h  t h e  c o n i c a l  s e c t i o n  a d j a c e n t  t o  t h e  f l a n g e  r a d i u s  each diaphragm 
moved downward only  s l i g h t l y  b e f o r e  i t  "locked" i n  p o s i t i o n  and l e a k s  
developed i n  t h e  s h a r p  creases. Analys is  of t h e  diaphragms i n  Task I11 
showed g r e a t  c o n s i s t e n c y  i n  l e a k s  deve loping  e i t h e r  where t h e  c o n t r o l  
s e c t i o n  j o i n e d  t h e  f l a n g e  r a d i u s  o r  where i t  j o i n t e d  t h e  h e m i s p h e r i c a l  
head a 
The diaphragms developed were of t h e  t y p e  t o  "r im-rol l"  and 
7.2.2 B u t t  Bonded Seams 
An a d d i t i o n a l  geometry f a c t o r  w a s  t h e  double  s e a l e d  b u t t  j o i n t  of t h e  
gage s e c t i o n s  diaphragms. Although t h e  GT-300 adhes ive  w a s  only 1 1 2  
m i l  t h i c k ,  two l a y e r s  bonded t o g e t h e r  a t  t h e  j o i n t  a t  l i q u i d  hydrogen 
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tempera ture  c r e a t e d  s t i f f e n e d  areas on t h e  diaphragm which i n c r e a s e d  i t s  
r e s i s t a n c e  t o  r e v e r s i n g .  Ninety p e r c e n t  of t h e  l e a k s  developed i n  gored 
diaphragms were i n  t h e  bonded j o i n t s  
Convolute r i n g s ,  f r e q u e n t l y  used t o  c o n t r o l  t h e  f l e x i n g  c y c l e  of diaphragms 
and b l a d d e r s ,  w e r e  a h inderance  on t h i s  program. The r i n g s  i n c r e a s e d  t h e  
s t r u c t u r a l  c o n i c a l  s e c t i o n  r i g i d i t y  because  of l o c a t i o n  and p r o c e s s i n g  i n -  
volved i n  bonding t h e  r i n g s  on t h e  f e l t  o r  f i l m .  
A series of tes ts  w e r e  conducted on diaphragms w i t h  d i f f e r e n t  r i n g  count 
and s p a c i n g  u s i n g , w a t e r  as t h e  r e v e r s i n g  medium. The r e s u l t  of t h e s e  
tests was t h e  f o u r  r i n g s  w i t h  t h e  s p a c i n g  shown i n  paragraph 3.3 which 
gave t h e  b e s t  r e v e r s i n g  c o n t r o l  of t h e  room tempera ture  diaphragms. 
The r i n g s  prevented  diaphragm 8A from r e v e r s i n g  u n t i l  t h e  r i n g s  w e r e  re- 
moved. The r i n g s  on diaphragm 833 were removed b e f o r e  t e s t i n g  w a s  a t tempted  
because of diaphragm r i g i d i t y .  
7 .3  STRESS GRADIENTS 
A c o n t r o l  diaphragm w i t h  only  t h e  formed 112 m i l  Mylar vapor  b a r r i e r  w a s  
f a b r i c a t e d  and t e s t e d  s o  t h a t  t h e  l i q u i d  hydrogen f i l l  could b e  observed.  
Following t h e  i n i t i a l  l e a k  checks,  l i q u i d  hydrogen w a s  i n t r o d u c e d  which 
c o n t a c t e d  t h e  diaphragm a t  t h e  apex. Immediately t h e  formed Mylar c r i n k l e d ,  
s h r i v e l e d ,  and c o n t r a c t e d  i n d i c a t i n g  stress g r a d i e n t s  i n  t h e  formed mater- 
i a l .  Thermal g r a d i e n t s  should  n o t  have a f f e c t e d  t h e  diaphragm tests be- 
cause t h e  diaphragm c o n t a c t e d  t h e  s t a i n l e s s  s t ee l  dome of t h e  tes t  dewar 
d u r i n g  c o n d i t i o n i n g  and s u f f i c i e n t  t i m e  had e l a p s e d  t o  s t a b i l i z e  t h e  t h i n  
f i l m  diaphragm. The tes t  shows t h a t  Mylar,  when thermal ly  formed under 
h e a t  and vacuum, l o s e s  i t s  r e l a t i v e l y  good c h a r a c t e r i s t i c s  of  low permea- 
b i l i t y  and h i g h  c y c l e  f l e x i b i l i t y  i n  l i q u i d  hydrogen. 
7 .3 .1  Film F a i l u r e  
Analys is  of t h e  f a i l u r e s  of t h e  diaphragm a f t e r  p i n p o i n t i n g  t h e  leakage  
areas showed t h a t  t h e  m a j o r i t y  of diaphragms with '  gores  and b u t t  seams 
f a i l e d  i n  t h e  adhes ive  j o i n t  which i s  t h e  area of h i g h e s t  stress, 
The formed diaphragms f a i l e d  i n  t h r e e  cornered  f o l d  areas. The diaphragm 
i s  s u b j e c t e d  t o  f o l d s  and creases w h i l e  becoming i n c r e a s i n g l y  r i g i d  a t  
l i q u i d  hydrogen tempera ture .  I n  a d d i t i o n  t o  t h e  f i l m  r i g i d i t y ,  t h e  bond- 
i n g  a d h e s i v e  t o  j o i n  t h e  a b r a s i o n  p l i e s  of dacron f e l t  t o  t h e  vapor  b a r r i e r  
comp oun de d t h i  s p r o  b 1 e m  
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